The syntheses of highly fluorescent analogues of PPh3 and PhPCy2 based on the Bodipy chromophore are described. The ligands have been incorporated into two-to four-coordinate group 11 metal complexes. The synthesis, characterisation and photophysical properties of the novel ligands and their metal complexes are reported; many of these compounds have also been characterised by single-crystal X-ray diffraction. Incorporation of the phosphino group and complexation to the group 11 metal centre has little effect on the absorption and emission profiles; high molar extinction coefficients and fluorescence quantum yields were still obtained; in particular, incorporation of the dicyclohexylphosphino substituent significantly increases the quantum yields relative to the parent dyes.
Introduction
Metal complexes of fluorescent phosphines have potential applications in diagnostic cell imaging 1 and catalytic reaction monitoring, 2 by virtue of the sensitivity of the fluorescence technique. As an imaging tool used in vitro, fluorescence microscopy produces high spatial resolution of the nanometre order, giving accurate images of processes at the subcellular level; 1, 3 there is current interest in incorporating fluorescent tags onto radiopharmaceuticals, because it is otherwise difficult to image the localisation of such probes in such detail. A fluorescent radiopharmaceutical would instead facilitate both in vivo and in vitro imaging, 3 allowing one to gain a better understanding of the probe's mechanisms and localisation within cells. The sensitivity of fluorescence spectroscopy compared to its NMR counterpart (10 −6 to 10 −7 M), also signifies that the detection of low concentrations of catalytically active species -undetectable by other means -ought to also be possible. 2 However, phosphines conjugated to organic fluorophores often suffer from fluorescence quenching 4 due to reductive photoinduced electron transfer, therefore synthetic routes to this class of compound have not been extensively reported and fluorescent phosphines remain somewhat rare.
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F-Bodipy has desirable photophysical properties which include a high fluorescence quantum yield, strong UV-absorption, chemical robustness and good solubility ( Figure 1 ). 6 A common site of modification is at the meso position due to its easy synthetic incorporation. 6 Over the last few years new synthetic procedures have been developed for the substitution of the fluorides with aryl/alkyl (C-Bodipy) or ethynyl (E-Bodipy) groups; this development has allowed more sophisticated functions to be introduced on the Bodipy backbone. 6 Given the desirable properties of Bodipy and the extensive synthetic routes to derivatives, 6 we aimed to create fluorescent tertiary phosphines based on this versatile fluorophore, and coordinate the new ligands to transition metals and study their behaviour. Group 11 metal phosphine complexes are sought after in part due to their known medicinal applications. 7 Gold(I), 8 silver(I) 9 and copper(I) 10 phosphine complexes have all shown cytotoxic activity, with significant anti-tumour properties -current complexes are based on monodentate and bidentate phosphines. One breakthrough was the discovery of auranofin (Figure 1 ) in the early 1980s by Sutton, 11 a gold(I) phosphine complex, that was approved for clinical use in 1985 to treat rheumatoid arthritis, but which has also been shown to exhibit anticancer properties, 12 and led to the development of several twocoordinate gold(I) phosphine analogues.
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Fig. 1 F-Bodipy (I) and Auranofin (II)
To further develop the possibility of using gold-based drugs a greater knowledge of their subcellular distribution and mechanism of action is desirable -a fluorescent gold phosphine complex could help to understand the biodistribution of such compounds at high resolution and precision. 1, 3 Both gold and silver also have potential in therapeutic nuclear medicine due to the beta-emitting radioisotopes 199 Au and 111 Ag; both have long half-lives of 3.15 and 7.5 days respectively. 13 Copper has a range of radionuclides, but the most commonly investigated is 64 Cu -a positron emitter -and thus can be used for diagnostic nuclear medicine purposes in Positron Emission Tomography (PET) imaging; its relatively long half-life of 762 minutes is considered attractive. 14 For the aforementioned reasons it would therefore be interesting to investigate the coordination chemistry of novel fluorescent monodentate phosphines with the group 11 metals and measure the photophysical properties of any complexes so synthesised, to ascertain if they are suitable for study in the applications already discussed above.
Results and discussion

Synthesis of Bodipy monodentate phosphines
Scheme 1 details our synthesis of the four novel Bodipy monodentate tertiary phosphines 2a/2b and 3a/3b, substituted at the meso position; aryl bromides 1a and 1b 15 were lithiated by reacting with n-butyllithium in diethyl ether at −78 °C to room temperature, followed by the addition of chlorodiphenylphosphine or chlorodicyclohexylphosphine. Both aryl-and alkylchlorophosphines reacted in a similar manner and we also found that the substituent at the boron atom had a limited effect on the overall reactivity of the aryl bromide; all four ligands were produced in good yields ranging from 60 to 84%. The route thus depicts a mild synthetic method for introducing chlorophosphines onto a Bodipy fluorophore. (19) , P-C24 1.834(2), P-C30 1.827(2), C4-C5 1.395(3), N1-C4 1.400(2), N1-B 1.568(2), B-C36 1.626(3); C21-P-C24 101.66(9), C21-P-C30 104.03(9), C24-P-C30 102.40(9), C4-C5-C6 122. 44(16), B-N1-C4 123.14(15), N1-B-C36 107.65(15), N1-B-N2 105.17(15) .
H} NMR spectra of the triarylphosphines in dchloroform showed 2a/2b at δ −5.5 ppm; aryldialkylphosphines 3a and 3b are shifted downfield to δ 2.7 and 2.8 ppm respectively, due to the electron-donating cyclohexyl rings. Crystals of 2a were analysed by X-ray crystallography and its molecular structure is depicted in Figure 2 ; similar atom numbering schemes are used for all the crystal structures. The P-C bond lengths of 1.8302 (19) , 1.834(2) and 1.827(2) Å and C-P-C bond angles of 104.03(9), 101.66(9) and 102. 40(9) H}NMR signal from δ −5.5 and 2.8 ppm for the free phosphines 2a/2b and 3a/3b to δ 0.0 and 13.0 ppm for the complexes 4a/4b and 5a/5b respectively -these values compare well to other copper(I) acetonitrile phosphine complexes. 17, 18 Crystals of 4a and 4b suitable for X-ray crystallography were obtained by slow diffusion from ethanol/pentane; the molecular structure of 4b is depicted in Figure 3 , whilst the structure of a compound obtained from the attempted recrystallization of 4a is given in the SI. Complex 4b contains a three-coordinate copper(I) centre with a non-coordinating PF 6 − anion and one ethanol molecule, which has exchanged for the labile acetonitrile ligand, coordinated to the copper centre. 2a: R = Ph, R' = Ph 3a: R = Ph, R' = Cy 2b: R = Me, R' = Ph 3b: R = Me, R' = Cy Scheme 2 Synthesis of copper(I) complexes 4a/4b and 5a/5b.
The Cu-P bond lengths of 2.2384(11) and 2.2273(11) Å are typical for copper(I) complexes. 18, 19 The complex has a distorted trigonal planar geometry for copper, shown by the P1-Cu-P2, P1-Cu-O5 and P2-Cu-O5 bond angles of 130.49(4)°, 113.61(9)° and 115.43(9)° respectively; both the phosphorus atoms are slightly tilted towards the ethanol molecule. Complex 5a was crystallised by slow solvent diffusion (chloroform/diethyl ether); two types of crystals were produced and their molecular structures are shown in Figure 4 . Structure A is a three-coordinate copper(I) complex with two phosphines and one acetonitrile ligand coordinated to the copper centre, and a non-coordinating anion, PF 6 − . The Cu-P bond lengths of 2.2273(11) and 2.2564(10) Å are typical of copper(I) phosphine complexes. 18, 19 The complex has a distorted trigonal planar geometry as shown by the P1-Cu-P2, P1-Cu-N5 and P2-Cu-N5 bond angles of 136.11(4)°, 120.68(10)° and 102.36(10)° respectively; the P1-Cu-P2 angle is larger than in complex 4b due to the steric bulk of the cyclohexyl groups. The anion…Cu(I) interaction is again weak, as signified by the closest Cu…F distance of 3.228 Å. Structure B is a distorted trigonal-planar copper(I) complex with two phosphines coordinated and no bound acetonitrile ligands, but the PF 6 − anion (modelled with disorder) is weakly coordinated to the copper centre as shown by a stronger anion…Cu(I) interaction than in structure A; the alternative closest Cu…F distances are 2.741(7) Å, to F6A as shown in Figure 4 , and 2.964(11) Å to F6B (not shown); F6A is disordered over two symmetry-related positions in the trigonal plane with the copper centre (on a twofold rotation axis) and two P atoms. Phosphine coordination resulted in a downfield shift of the 31 P{ 1 H} NMR signal at room temperature from δ −5.5 ppm for the free phosphines 2a/2b to broad peaks at δ 10.2 and 6.6 ppm for the complexes 6a and 6b respectively ( Figure 5 and SI); the signal was a broad singlet at elevated temperatures, which likely results from rapid intermolecular phosphorus exchange via the cleavage of the Ag-P bonds; this fluxionality is reduced at low temperatures and the Ag-P coupling can be observed. H}NMR signals at room temperature were also shifted downfield for the complexes 7a and 7b; however, instead of a broad singlet, two broadened doublets were observed at δ 23.7 ppm and δ 23.9 ppm for 7a and 7b respectively ( Figure 6 and SI). The following Ag-P coupling constants were observed for 7a and 7b respectively:
1 J 107AgP = 453 Hz and 1 J 109AgP = 517
Hz, and 1 J 107AgP = 453 Hz and 1 J 109AgP = 519 Hz. At higher temperatures (120 °C) 7a and 7b gave a broad singlet. The observation of Ag-P coupling at room temperature was unusual since the rapid exchange of the phosphine ligands usually causes this coupling to be averaged to zero; this ligand exchange is normally slowed down by cooling the solution to low temperatures (as is the case for 6a and 6b). 27 However, the observation of Ag-P coupling at room temperature has been reported previously, where the phosphine is sterically hindered or chelating. 27, 31 Phosphines 3a and 3b are also bulky which may explain the lower rate of phosphine exchange and the observation of Ag-P coupling. The electrospray mass spectra gave peaks for [M−(hfa)] + at m/z of 1489.7998 for 7a, and 1242.7354 for 7b. Complexes 6a and 7b were also characterised by X-ray crystallography ( Figure 7 ). The complexes have neutral silver(I) tetrahedral four-coordinate geometries with two phosphines and one hfa ligand bound to the metal. The Ag-P bond lengths of 2.4255(10) Å and 2.4028(13) Å are typical for silver(I) phosphine complexes. 25, 30, 32 The complexes are somewhat distorted,
shown by the P-Ag-P, P-Ag-O and O-Ag-O bond angles (Fig. 7 caption) . The synthesis of a related four-coordinate silver(I) complex [Ag(PPh 3 ) 2 (hfa)] has been reported in a similar fashion, but currently no crystal structure is known. (5), C48-C49 1.394(6), C48-C50 1.528(7), F1-C50 1.281(6), C4-C5 1.394 (5); P-Ag-P' 135.24 (5) (15), Ag-P-C33 119.40 (13), Ag-P-C36 114.02 (13), Ag-P-C42 110.39 (13), C33-P-C36 101.79 (17), C36-P-C42 103.39 (19) , Ag-O-C48 129.9(3), O-C48-C49 129.3 (5), O-C48-C50 112.9(4), C49-C48-C50 117.8(5). 7b -Ag-P 2.4028(13), Ag-O1 2.337(6), Ag-O2 2.718(8), P-C21 1.813 (5), P-C26 1.826 (5), P-C32 1.844(5), O1-C39 1.231(11), O2-C41 1.233 (13), C39-C40 1.392(14), C40-C41 1.403(14), F1-C38 1.345 (16); P-Ag-P' 141.99(7), PAg-O1 112.2(4), O1-Ag-O2 71.93(3), Ag-P-C21 115.98 (17), Ag-P-C26 105.8(2), Ag-P-C32 110.70 (17), C21-P-C32 103.8(2), C26-P-C32 108.0(3), Ag-O1-C39 135.9(7), O1-C39-C40 132.0(11), O1-C39-C38 111.9(10), C38-C39-C40 115.7(10). Primes denote symmetry-generated atoms.
However, the three-coordinate complex [Ag(PPh 3 )(hfa)] has had its solid state structure determined -shorter bond lengths are observed: 2.346(3) for Ag-P, and 2.341 (5) This journal is © The Royal Society of Chemistry 2012
1.810(13), C4-N1 1.400(16), N1-B 1.566 (17) , B-C42 1.65(2); P-Au-Cl1 177.24(14), C21-P-C24 108.1(6), C21-P-C30 104.7(6), C24-P-C30 103.1(6), Au-P-C21 110.7(4), Au-P-C24 113.5(5), Au-P-C30 116.0(4). 9a -Au-P 2.2351(13), Au-Cl 2.2875(13), P-C21 1.817(4), P-C36 1.838(5), P-C42 1.845(4), C4-N1 1.390(5), N1-B 1.574(6), B-C24 1.646(7); P-Au-Cl 178.27(5), C21-P-C36 102.2(2), C21-P-C42 104.0(2), C36-P-C42 109.8(2), Au-P-C21 112.53(15), Au-P-C36 113.34(16), Au-P-C42 113.90 (17) .
Coordination of the phosphines resulted in a downfield shift of the 31 P{ 1 H}NMR signal of the free phosphines 2a/2b and 3a/3b to δ 33.2/33.3 and 51.4/51.6 ppm for the complexes 8a/8b and 9a/9b respectively. Complexes 8a, 9a and 9b were also characterised by X-ray crystallography (Figure 8 and SI) . The solid-state structures show them to be gold(I) two-coordinate linear complexes, as expected. The Au-P and Au-Cl bond lengths are typical for gold(I) compounds (Figure 8 caption) . 34 The P-Au-Cl bond angles of 177.24 (14) The analogous dicyclohexylphenylphosphine complex, [AuCl(PCy 2 Ph)], made from the ligand and a reaction mixture of tetrachloroauric acid and 2,2′-thiodiethanol, has P-Au and P-Cl bond lengths of 2.234(2) and 2.281(3) Å respectively and an Au-P-Cl bond angle of 178.3(1)°, very similar to 9a/9b. 
Optical properties
After the synthesis of several group 11 metal complexes of 2a/2b and 3a/3b, it was important to determine and understand their photophysical properties. Our initial concern was whether the phosphorus donor 4 or the heavy metals 35 themselves would quench the fluorescence of the Bodipy fluorophore, which has been shown to occur for other fluorophores in phosphorus systems. Photophysical data were collected for all ligands and complexes in dry degassed tetrahydrofuran to minimise photobleaching and phosphine oxidation in solution (Table 1) . The four phosphine ligands 2a/2b and 3a/3b all show a typical Bodipy profile 6 with absorption maxima at either 512-513 nm or 517-518 nm depending on the groups at the boron centre; changing from diphenyl to dimethyl causes a hypsochromic shift of the absorption maxima (4-6 nm). The lowest energy maximum is assigned to the S 0 -S 1 (π-π*) transition for the Bodipy core. All the ligands have typically high molar absorption coefficients, ranging from 77,000 to 92,000 M −1 cm −1
. 6 Secondly, a lower intensity, broader absorption band can be seen between 370 and 385 nm (ε = 3,000-10,000
), which is attributed to the S 0 -S 2 (π-π*) transition of the Bodipy core. There are also low-intensity, high-energy peaks centred between 250-300 nm for the dicyclohexyl derivatives 3a/3b. The absorption spectra for phosphines 2b/3b and their complexes can be seen in Figure 9 ; the corresponding spectra for 2a/3a and their complexes is given in the SI. Room-temperature fluorescence of the phosphine ligands was readily detected, with maxima of 526-527 nm or 533-534 nm, again depending on the boron substituents (Fig. 10) . The Stokes shifts of 14-17 nm are small, which is common for the Bodipy fluorophore, and suggests that only small structural changes occur on excitation. 6 The fluorescence quantum yields of 2b (0.29) and 3b (0.44) are typically high for Bodipy molecules and compare well to the parent Bodipy 10b (0.35, SI), which shows the phosphorus donor does not quench the fluorescence. This is unusual and, as with our previously reported Bodipy primary phosphines, 15 contradicts several phosphine examples. 4 However, it is perhaps to be expected, given that the DFT calculations (see SI) show there is no phosphorus character in the HOMO, HOMO−1 or HOMO−2 for 2a and 3a, nor in the HOMO or HOMO-1 for 2b and 3b, and that the energy difference between the HOMO and the first phosphoruscontaining orbital is 0.9 eV for all the phosphine ligands ( Fig.  11 and SI). The quantum yield for 3b is, perhaps surprisingly, also higher than that of the parent Bodipy which has no substituents on the meso phenyl ring (3b = 0.44 and 10b = 0.35). More detailed investigations into a Bodipy phosphine series could reveal how the quantum yield is affected by both the electronic and steric nature of the substituents on the phosphorus. Changing the methyl groups at the boron atom for phenyl groups severely quenches the fluorescence (compare 2b: Φ F = 0.29 to 2a: Φ F = 0.042), which is consistent with our previous findings. 15 The absorption spectra of the complexes are very similar to those of the uncoordinated ligands (Fig. 9) ; ).
The fluorescence spectra of the complexes 4b-9b are displayed in Figure 10 . On complexation, the fluorescence quantum yields are generally retained, with only a slight decrease observed on descending the group (for instance 2b: Φ F = 0.29, 8b: Φ F = 0.20). The gold species (8-9) have the lowest quantum yields, likely due to the heavy atom effect. Quenching is less pronounced for the aryldialkylphosphine complexes of 3b compared to those of the triarylphosphine 2b (Table 1 , Fig.  10 ) and all three metal complexes of 3b have higher quantum yields than the parent Bodipy 10b (Φ F = 0.35). It is noteworthy that Gray et al. reported group 11 complexes which contained separated azadipyrromethene and triphenylphosphine ligands; however, the molar extinction coefficient and fluorescence quantum yields are significantly lower in those cases, 30,000-65,000 M −1 cm −1 and 0.0024-0.0039 respectively.
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Conclusions
The synthesis of fluorescent monodentate triaryl and aryldialkyl tertiary phosphines has been achieved in excellent yields via the lithiation of the Bodipy aryl bromides 1a/1b, and subsequent addition of the relevant chlorophosphine. This route may be transferable to a range of aryl and alkyl chlorophosphines and thus could be an excellent route to a library of new Bodipy tertiary phosphines. The photophysical properties of the phosphines are intriguing; the fluorescence is not quenched significantly compared to their precursor and in fact, in the case of aryldialkylphosphines 3a and 3b, the emission is enhanced in comparison to their parent Bodipys 10a and 10b (see SI). The novel phosphines 2a/2b and 3a/3b readily coordinate to lowoxidation-state coinage metals at room temperature in nearly quantitative yield; upon coordination, the fluorescence of the phosphines is not significantly quenched. These novel ligands and their complexes have potential applications in medicinal imaging, as the fluorescent Bodipy functionality will facilitate cell imaging. Several group 11 metal phosphine complexes have shown cytotoxic properties against several cancer cell lines, 8,9,10 and our novel derivatives may well display similar attributes. Future work will focus on their use in diagnostic imaging and therapy.
Experimental
All air-and/or water-sensitive reactions were performed under a nitrogen atmosphere using standard Schlenk line techniques. Tetrahydrofuran and diethyl ether were dried over sodium/benzophenone. Dichloromethane and chloroform were dried over calcium hydride; all solvents were distilled prior to use. Hexane and pentane were purchased in an anhydrous state. Most starting materials were purchased from Aldrich, Acros Organics, Alfa Aesar or Strem and used as received. 4,4-Difluoro-8-phenyl-1,3,5,7-tetramethyl-2,6-diethyl-4-bora3a,4a-diaza- phosphines 3a and 3b and their respective complexes. The six signals arise as the two cyclohexyl rings are equivalent but the carbon atoms that are symmetrically equivalent are diastereotopic; these diastereotopic carbon atoms are also nonequivalent with respect to P-C coupling constants. All calculations were carried out using Spartan 10 software. 40 Full geometry optimizations of the studied compounds were performed using density functional theory with a B3LYP/6-31G* basis set. A vibrational analysis was performed at the same level to characterize calculated structures as minima. Absorption spectra were recorded with a Hitachi Model U-3310 spectrophotometer while fluorescence studies were recorded with a Hitachi F-4500 fluorescence spectrophotometer. Solvents used for spectroscopic experiments were spectrophotometric grade. Absorption and emission spectra were recorded in dry degassed tetrahydrofuran solution at room temperature. Fluorescence quantum yields were measured with respect to 4,4-difluoro-8-phenyl-1,3,5,7-tetramethyl-2,6-diethyl-4-bora-3a,4a-diaza-s-indacene (Φ F = 0.76, λ abs = 524 nm, λ em = 537 nm, ε = 86,000 M −1 cm −1 , tetrahydrofuran).
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Dyes were excited at 485 nm and excitation slits set to 5 nm.
8-(4-Diphenylphosphino)phenyl)-4,4-diphenyl-1,3,5,7-tetramethyl-2,6-diethyl-4-bora-3a,4a-diaza-s-indacene (2a)
8-(4-bromophenyl)-4,4-diphenyl-1,3,5,7-tetramethyl-2,6-diethyl-4-bora-3a,4a-diaza-s-indacene (0.50 g, 0.87 mmol) was dissolved in anhydrous diethyl ether (40 mL) and cooled to −78 °C. n-BuLi (0.38 mL, 0.96 mmol, 2.5M in hexane) was added dropwise over five minutes and the reaction was warmed to room temperature over 45 min. The solution was cooled back to −78 °C and chlorodiphenylphosphine (0.17 mL, 0.96 mmol) was added dropwise. The reaction mixture was allowed to warm up to room temperature and was stirred for a further two hours. It was washed with water and extracted with diethyl ether (3 × 30 mL). The combined organic fractions were washed with brine (30 mL) and dried over magnesium sulfate. The solvent was removed in vacuo to yield a red/orange solid. The compound was purified using column chromatography on silica gel (toluene/hexane 2:3, R f = 0.4) and gave an orange solid (0.50 g, 84%). A sample suitable for X-ray crystallographic analysis was obtained from chloroform/pentane. 1 H NMR (400 MHz, CDCl 3 ) δ 7. 45-7.41 (m, 7H), 7.40-7.35 (m, 11H), 7.29-7.24 (m, 4H), 7.22-7.19 (m, 2H) 0, 133.8, 133.6, 133.4, 132.8, 130.6, 129.0, 128.9, 128.6 (d, J CP = 6.7 Hz), 127.1, 125.4, 17.3, 14.7, 14.5, 12. 
8-(4-Diphenylphosphino)phenyl)-4,4-dimethyl-1,3,5,7-tetramethyl-2,6-diethyl-4-bora-3a,4a-diaza-s-indacene (2b)
Prepared in the same manner as for 2a using 0.50 g (1.11 mmol) of 8-(4-bromophenyl)-4,4-dimethyl-1,3,5,7-tetramethyl-2,6-diethyl-4-bora-3a,4a-diaza-s-indacene, 0.49 mL (1.22 mmol) of n-BuLi (2.5M in hexane) and 0.22 mL (1.22 mmol) of chlorodicyclohexylphosphine. The compound was purified using column chromatography on silica gel (chloroform/hexane 1:5, R f = 0.3) to yield an orange solid (0.37 g, 60% 
8-((4-Dicyclohexylphosphino)phenyl)-4,4-diphenyl-1,3,5,7-tetramethyl-2,6-diethyl-4-bora-3a,4a-diaza-s-indacene (3a)
Prepared in the same manner as for 2a using 0.50 g (0.87 mmol) of 8-(4-bromophenyl)-4,4-diphenyl-1,3,5,7-tetramethyl-2,6-diethyl-4-bora-3a,4a-diaza-s-indacene, 0.38 mL (0.96 mmol) of n-BuLi (2.5M in hexane) and 0.21 mL (0.96 mmol) of chlorodicyclohexylphosphine. The compound was purified using column chromatography on silica gel (dichloromethane/hexane 1:4, R f = 0.3) to yield an orange solid (0.42 g, 69% 
8-((4-Dicyclohexylphosphino)phenyl)-4,4-dimethyl-1,3,5,7-tetramethyl-2,6-diethyl-4-bora-3a,4a-diaza-s-indacene (3b)
Prepared in the same manner as for 2a using 0.50 g (1.11 mmol) of 8-(4-bromophenyl)-4,4-dimethyl-1,3,5,7-tetramethyl-2,6-diethyl-4-bora-3a,4a-diaza-s-indacene, 0.49 mL (1.22 mmol) of n-BuLi (2.5M in hexane) and 0.27 mL (1.22 mmol) of chlorodicyclohexylphosphine. The compound was purified using column chromatography on silica gel (chloroform/hexane 1:4, R f = 0.4) to yield an orange solid (0.39 g, 62% 
[Cu(2a) 2 (CH 3 CN)][PF 6 ] (4a)
Tetrakis(acetonitrile)copper(I)hexafluorophosphate (0.027 g, 0.073 mmol), and 8-(4-diphenylphosphine)phenyl)-4,4-diphenyl-1,3,5,7-tetramethyl-2,6-diethyl-4-bora-3a,4a-diaza-sindacene (0.100 g, 0.147 mmol) were added together to anhydrous dichloromethane (3 mL) and stirred under nitrogen for two hours. After removal of solvent an orange solid was produced (0.107 g, 93%). A sample suitable for X-ray crystallographic analysis was obtained from ethanol/pentane. 1 H NMR (500 MHz, CDCl 3 ) δ 7. 51-7.47 (m, 4H), 7.46-7.40 (m, 12H), 7. 39-7.32 (m, 20H), 7.28-7.22 7, 150.3 (br), 139.3, 138.9, 134.6, 134.0, 133.9, 133.5, 133.4, 131.8, 131.0, 130.8, 130.5, 130.0, 129.4, 127.3, 125.7, 120.3 17.7, 14.8, 14.7, 12.3, 2. 2, 140.4, 138.6, 134.1, 133.5, 133.1, 133.0, 131.6, 130.9, 130.8, 129.9, 129.4, 128.7, 120.6, 17.5, 14.8, 14.4, 12.1, 10.5 (br) 2, 140.7, 138.4, 134.9, 133.0, 132.9, 129.4, 128.6, 126.6 2, 17.4, 14.7, 14.4, 11.9, 10.4 (br) [Ag(2a) 2 
(hfa)] (6a)
(1,5-cyclooctadiene)(hexafluoroacetylacetonato)silver(I) (0.031 g, 0.074 mmol), and 8-(4-diphenylphosphine)phenyl)-4,4-diphenyl-1, 3,5,7-tetramethyl-2,6-diethyl-4-bora-3a,4a-diaza-sindacene (0.100 g, 0.147 mmol) were added together to anhydrous dichloromethane (2 mL) in a darkened flask and stirred at room temperature under nitrogen for one hour. After removal of the solvent an orange solid was produced, which was washed with anhydrous hexane (3 × 5 mL J HH = 7.6 Hz, 4H), 7.52-7.45 (m, 12H), 7. 43-7.37 (m, 20H), 7.29-7.24 (m, 8H), 7.23-7.18 (m, 4H), 5.70 (br, 1H) 2, 133.9, 133.2, 132.8, 131.8, 131.6, 130.6, 130.5, 129.7, 129.1, 127.3, 125.6, 117.9 30.8 Hz), 151.0, 139.6, 138.9, 134.2 (d, J CP = 17.3 Hz), 133.7 (d, J CP = 17.3 Hz), 133.3, 133.1, 132.7, 132.3 (d, J CP = 23.0 Hz), 130.3, 129.5 (d, J CP = 9.6 Hz), 129.0 (d, J CP = 8.6 Hz), 128.7, 117.9 (q, 1 J CF = 290.4 Hz), 88.9, 17.4, 14.6, 14.3, 11.9, 10.4 (br) [Ag(3a) 2 
(hfa)] (7a)
Prepared as for 6a using 0.031 g (0.072 mmol) of (1,5-cyclooctadiene)(hexafluoroacetylacetonato)silver(I) and 0.100 g (0.144 mmol) of 3a. Yield 0.110 g (90% 5, 150.4 (br), 139.5 (d, J CP = 8.6 Hz), 135.4, 134.9, 133.9, 133.7, 133.2, 130.5, 129.1, 127.3, 125.6, 125.2, 118.2 (q, 1 J CF = 290.8 Hz), 85.3, 32.6 (br), 29.4 (br), 28.2, 26.9 (br), 26.8 (br), 26.2, 17.4, 14.8, 14.7, 12.0 
[AuCl(2a)] (8a)
Chloro(tetrahydrothiophene)gold(I) (0.047 g, 0.147 mmol) and 8-(4-diphenylphosphine)phenyl)-4,4-diphenyl-1,3,5,7-tetramethyl-2,6-diethyl-4-bora-3a,4a-diaza-s-indacene (0.100 g, 0.147 mmol) were added together to anhydrous dichloromethane (2 mL) and stirred under nitrogen for 1 hour. After removal of the solvent an orange/red solid was produced, which was washed with anhydrous hexane (3 × 5 mL) to remove the tetrahydrothiophene. The complex was purified using column chromatography on silica gel (chloroform/hexane 1:1, R f = 0.4) to yield an orange solid (0.101 g, 75% 127.9, 127.1, 125.5, 17.3, 14.7, 14.6, 12 
[AuCl(3a)] (9a)
Prepared in the same manner as for 8a using 0.046 g (0.144 mmol) of chloro(tetrahydrothiophene)gold(I) and 0.100 g (0.144 mmol) of 3a. The complex was purified using column chromatography on silica gel (dichloromethane/hexane 1:1, R f = 0.5). Yield 0.116 g (87% 
[AuCl(3b)] (9b)
Prepared in the same manner as for 8a using 0.056 g (0.176 mmol) of chloro(tetrahydrothiophene)gold(I) and 0.100 g (0.176 mmol) of 3b. The complex was purified using column chromatography on silica gel (dichloromethane/hexane 1:1, R f = 0.4). Yield 0.121 g (86%). A sample suitable for X-ray crystallographic analysis was obtained from 25.9, 17.5, 14.8, 14.4, 11.9, 10.5 (br) 
X-ray Crystallography
Data were collected at 150 K (120 K for 2a) on an Agilent Technologies Gemini A Ultra diffractometer with MoKα (λ = 0.71073 Å, for 4a, 5a structures A and B, and 9b) or CuKα (λ = 1.54178 Å, for 4b, 6a, and 8a) radiation, 41 and on a Crystal
Logics diffractometer equipped with a Rigaku Saturn 724+ detector at beamline I19 of Diamond Light Source using a synchrotron X-ray wavelength of 0.6889 Å (for 2a, 7b, and 9a). 42 Selected crystallographic information is given in Table 2 .
Absorption corrections were based on multiple and symmetryequivalent data; the structures were solved by direct and heavyatom methods, and refined on all unique F 2 values with appropriate constraints and/or restraints in each case, particularly for the treatment of disordered structural components. 43 Unidentified solvent and/or counter-ion in the structure of the complex obtained from attempted recrystallization of 4a was treated by the Squeeze procedure of PLATON; 44 H atoms could not be observed in difference maps for this relatively low-precision structure, so it is not clear whether the complex is a neutral Cu(II) complex with two ethoxide ligands or a cationic Cu(I) complex with two ethanol ligands and a highly disordered small anion, though the latter is more likely from the observed tetrahedral geometry. Further discussion and evidence from spectroscopic data is provided in the Supporting Information. 
